Background: Comparing the diagnostic performance of widely used 2D FSE technique (fat-suppressed proton density; FS-PD) and the 3D technique (water-selective cartilage scan; WATS-c) in evaluation of the chondromalacia patella by using arthroscopy as reference standard Results: Seventy-five adult patients were enrolled in this study. They underwent MRI examinations then arthroscopy done in 2-4 days after it. MRI was done using 2D (FS-PD) and 3D (WATS-c) sequences and MR images were compared by two radiologists separately, then grading of the cartilage lesions was performed according to modified Noyes grading system and comparison between grade 0-1, 2, and 3 lesions was done using arthroscopic findings as a reference. A false-negative result is considered if there was undergrading of chondromalacia and falsepositive result if chondromalacia was overgraded. Each sequence sensitivity, specificity, and accuracy was calculated by both readers. For reader 1, the sensitivity is 69% for WATS-c and 80% for FS-PD and the accuracy is 90% for WATS-c and 92% for FS-PD and for reader 2, the sensitivity is 56% for WATS-c and 84% for FS-PD and the accuracy is 88% for WATS-c and 94% for FS-PD. Conclusion: 2D FS-PD images showed better diagnostic performance than 3D WATS-c images for evaluating chondromalacia patella.
Background
Chondromalacia patellae is a common patellar cartilage disorder which cannot be diagnosed only on the basis of taking the patient's symptoms or doing physical examination. Although arthroscopy is the corner stone for diagnosis of chondromalacia patella, magnetic resonance imaging (MRI) is very helpful as a non-invasive method in the diagnosis of patellar chondral lesions [1, 2] . Increasing magnet strength and using a specialized coil increase both sensitivity and specificity in the diagnosis of chondromalacia. In MRI imaging, we have many pulse sequences used for the evaluation of patellar cartilage, one of the ideal pulse sequences is fat-suppressed proton density (FS-PD) which is very valuable in evaluating patellar cartilage as it has high spatial resolution, suitable contrast-to-noise (CNR) ratio, and good scan time [3, 4] . Recently, 3D imaging sequences appear to have a role for diagnosis. 3D T1-fast field echo is one of them that use cartilage water excitation (water-selective cartilage scan; WATS-c). It induces fat suppression by using water excitation [5, 6] . FS-PD sequence has an excellent performance in detecting lesions of patellar cartilage [7, 8] , but the 3D sequences are superior in having much thinner slices than that of the 2D images that also gives good diagnostic value, so comparison between the two sequences is valuable in evaluating efficiency of each one in patellar cartilage diagnosis in cases of chondromalacia patella [9, 10] .
This prospective study is based on the comparison between the diagnostic performance of widely used 2D fast spin echo (FSE) technique (FS-PD) and the 3D FFE technique (WATS-c) in evaluation of the chondromalacia patella by using arthroscopy as reference standard.
Methods

Patients
Between May 2016 and June 2017, 100 patients underwent MR knee examination were included in the study.
Patient with non-specific knee pain, clinically diagnosed chondromalacia patella, meniscopathy, history of trauma, and osteoarthritic changes are included; twentyfive patients who had tumors, had previous implants, or underwent surgery and patients with motion artifact in MRI images were excluded. Finally, MRI examinations of 75 adult patients (36 women patients and 39 men patients, their mean age 35 years; range, 16-76 years) were enrolled in this study. They underwent MRI examinations then arthroscopy done in 2-4 days after it. Approval was obtained for this prospective study by the institutional review board and all patients gave informed consent before doing MRI acquisition.
MRI examination
MRI examinations of the patellar cartilage was done using knee coil on 1.5-T MRI scanner (Intera; Philips Medical Systems; Best, The Netherlands) by using a 16 channel transmit/receive special dedicated knee coil, the patients were in the supine position. The 2D FSE fatsuppressed proton density (FS-PD) were obtained in axial images, the 3D T1 FFE with water excitation (WATS-c) sequence were also obtained in axial images. Table 1 shows the imaging protocols.
Evaluation of MR images
After doing MRI pulse sequences with data acquisition of all patients' examinations, obtained MR images were studied and compared by the two radiologists separately and independently.
The grading of the cartilage lesions was performed according to their MRI appearance and following the modified Noyes grading system [11, 12] (Table 2) : grade 0, denoting normal appearance of cartilage (homogeneous signal intensity of the cartilage, intact, its surface without fissuring, and normal cartilaginous thickness); grade 1, there is increased T2 signal intensity of morphologically normal cartilage not oriented at 55°to the external magnetic field; grade 2A, there is superficial cartilaginous partial-thickness defect which is less than 50% of the total cartilaginous articular surface thickness; grade 2B, there is cartilaginous deep partial-thickness defect which is more than 50% of the total cartilaginous articular surface thickness; and grade 3, there is fullthickness defect of cartilage.
Evaluation of patellar surface cartilage was done in four areas, i.e., upper part and lower part in both medial and lateral patellar articular facets. Recording of highest grade of each segment was done, and then arthroscopy was performed about 2 to 4 days after doing MRI.
By using the modified Noyes grading system, comparison between MRI grade 0-1, 2, and 3 lesions was done using arthroscopic findings as reference. A false-negative result is considered if there was undergrading of chondromalacia on the MRI examination, false-positive result if chondromalacia was overgraded.
Statistical analysis
Sensitivity, specificity, and accuracy of each MRI sequence for detection of patellar cartilage lesion were calculated by both readers.
Results
A total of 75 patients (M:F = 36:39; mean age, 35 years; range, 16-76 years) were included in our study.
Twenty patients were grade 0, 28 were grade 1 lesions, 17 were grade 2 lesions, and 10 patients were grade 3 lesions were diagnosed by arthroscope. In MRI study, all grade 3 lesions were easily depicted by the two readers in each single pulse sequence, so there was statistical difference only in detection of grade 1 and 2 lesions (Figs. 1 and 2) and no significant difference in diagnosis of grade 3 (Fig. 3) .
For reader 1, the sensitivity is 69% for WATS-c and 80% for FS-PD, the specificity is 100% for WATS-c and 96% for FS-PD, and the accuracy is 90% for WATS-c and 92% for FS-PD.
For reader 2, the sensitivity is 56% for WATS-c and 84% for FS-PD, the specificity is 100% for WATS-c and 98% for FS-PD, and the accuracy is 88% for WATS-c and 94% for FS-PD ( Fig. 4 ).
Discussion
Proton density (PD) sequence has been used in the evaluation of knee cartilage with good signal to noise ratio (SNR) comparable to other sequences. Furthermore, fat suppression increases cartilage lesions depiction, The FS-PD pulse sequence is very sensitive for depiction of chondromalacia patella and not only increases the accuracy in detection of cartilage lesions but also increases it in detection of underlying bony lesions in grade 3 chondromalacia patella [13, 14] . As fat-saturated proton density has high spatial resolution in a suitable scan time, it has been considered very efficient in evaluating patellar cartilage. Yoshioka et al. [15] reported that there is a higher signal to noise (SNR) in FS-PD than short tau inversion recovery (STIR) in articular cartilage imaging [16] . The 3D GRE pulse sequences have good images with high spatial resolution due to isotropic voxels; they provide better evaluation of articular cartilage but they are not optimal in assessment of subchondral bone. This assessment is very important in detecting the extent of both degenerative and traumatic cartilaginous lesions [17] .
New sequences, which helped us to obtain good images of the patellar cartilage with both high isotropic spatial resolution and contrast resolution, like 3D intermediate-weighted FSE sequences which depend on changing flip angle and reduce time of acquisition that provide isotropic spatial resolution allow multiplanar reformatting with high quality that allows for good depiction of any lesions in subchondral bone [18] .
Recently, many 3D sequences appear to be valuable and play a role in cartilage imaging and detecting cartilage lesions. A comparison was done in-between these new sequences and conventional 2D images. More recently, fat-suppression isotropic 3D sequences such as WATS-c appear and have to be included in the search to reach optimal image sequences for diagnosis [19, 20] .
As it is less sensitive to magnetic field inhomogeneity, WATS-c sequence has the capacity to suppress fat signal much better than other presaturation techniques [21] .
Most of studies done for evaluation of 3D MRI sequences have either surgical reference or arthroscopic reference standards, their aim was to qualitatively compare between these new sequences and the older 2D sequences FS-PD using multiple observers [22, 23] .
It was reported by Schaefer et al. [8] that there were underestimation of grade 1 cartilage lesions on the 3D pulse sequences and there were poor internal contrast between intact cartilage and chondromalacia.
In our study, arthroscopic findings were used as a reference in comparing sensitivity, specificity, and accuracy of 2D FS-PD and 3D WATS-c by two radiologists. Table 2 Modified Noyes grading system for cartilage grading according to MRI abnormalities appearance [11, 12] Grade Description Grade 0 Normal cartilage
Grade 1
There is increased T2 signal intensity of morphologically normal cartilage not oriented at 55°to the external magnetic field Grade 2A There is superficial partial-thickness cartilage defect less than 50% of total articular surface thickness
Grade 2B
There is deep partial-thickness cartilage defect more than 50% of total articular surface thickness Grade 3 Full-thickness cartilage defect In our study, sensitivity of FS-PD is higher than that of WATS-c as it is 80% and 69%, respectively, by one reader and 84% and 56%, respectively, by the other one; also, accuracy of FS-PD is higher than that of WATS-c as it is 92% and 90%, respectively, by one reader and the other one 94% and 88%, respectively; these results are coping with recent studies showed that FS-PD had a higher sensitivity and accuracy for cartilage pathology depiction than WATS-c did [9, 16, 22] as the abnormality found in internal cartilage is hidden by the presence of high signal intensity seen in WATS-c images and there is also low contrast between synovial fluid and cartilage that made it difficult to detect early pathological changes like cartilage fissures or fibrillation [17, 24, 25] .
There is difficulty in evaluation of patellar cartilage lesions by both routine and cartilage-specific MRI sequences [26] , In our study, WATS-c had both higher signal to noise and contrast to noise ratios than that of FS-PD [27] However, there is limitation of soft-tissue contrast as it has low T1/T2 values [28] , and in our study, it is limited in seeing the cartilage substance for chondromalacia detection and also there is difficulty in surface irregularity detection due to joint fluid.
Conclusion
FS-PD images showed better diagnostic performance than 3D WATS-c images for evaluating chondromalacia patella.
Abbreviations 3D MRI: Three-dimensional magnetic resonance imaging; FSE: Fast spin echo; FS-PD: Fat-suppressed proton density; WATS-c: Water-selective cartilage scan
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